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BAGASSE DRYING . 
While conducting various experimental investigations into ~te .methods and apparatus used in utilizing bagasse as a fuel, 
uring the last few years, the writer has been impressed with 
the. possibilities of using waste smoke-stack heat for removing tnoi~ture from the fuel. As is well known, bagasse in Louisiana, ~~ming from the last mill of a sjx-roller plant, contains not less 
bo:n 503 moisture-in fact, jt is more like:y to be in . t~e neig~­b hood of 52% to 55%. In the troprns, the m01 ture m 
f agasse is less, often as low as 45% to 48%. The hjgh moisture 
ound in Louisiana bagasse as compared with that in tropical ~ountries may, in some cases, be due to the use of six-roller mills instead of · l · · 
· b bl . mne-ro ler m1lls. The mam r eason, however, 1s pro -
a Y 1n the fact that the £ber in tropical canes, being more 
:ature, is harder and less spongy than that jn Louisiana and is 
erefore less likely to r e-absorb juice from the· ever-present £lm on the r 11 
. 
. the . . 0 . s. The softer £ber is fuller of pores which soak up 
Juice in the manner of a sponge. 
th As is well known, it was only in comparatively recent times 
allat the discovery was made tlrnt bagasse could be utilized at 
t as a fuel; prior to this, the green bagasse having been taken 0 
the field or to a burner analogous to that used in sawmill establisl 
. t nnents for slabs and other refuse, where it was burned ~ considerable expense, the main object being to get it out of 
f e way. Later it was found possible to burn it in the boiler t~rn.;:ce and in this way utilize, with more or less efficiency, 
'Of e heat for steam production, though the conditions in many 
·sornt e plants of the present are far from favorable-in fact, 
1> ~of them are more nearly "bagasse burners" than "steam 
d ro. ucers. '.' In other words, the bagasse furnace should be es1gned 
. :tn . ' not as a bagasse consumer, but, rather, to dehver the 
tha.rjl'n.um quantity of heat to the water in the boiler. Of course, 
a;re are many conditions in a bagasse boiler plant which will 
b ect the proportion of 11eat converted into work-in fact, the ~gasse boiler is not materially different from other boilers. 
ta o~e-ver, there is one great difference, and that is in the 
e that the fuel has· a very large moisture content. This not 
only reduoes the net heat value of th e fuel to a large extent, 
but requires a special design of furnace and boiler. setting at 
increased cost. · ' 
In order to get some idea of the effect of the moisture in 
r edl:lcing the heat value 1 t u assume a bagasse having a mois-
ture content of 52%. This means that for each pound of 
bagasse there will he 0.48 pound of dry matter and 0.52 pound 
of water. The writer has found from various calorimeter tests 
of Loui iana baga e an average heat vah1e of 8360 B. T. U. 
per pound of dry bagasse. The g1'0SS heat generated will 
therefore b 8360 X .48 = 4012.8 B. T. U. However, not all 
ef this heat is available for producing steam in the boiler; some 
of it is r equired to convert the 0.52 p<mnds of water into steam 
at the t emperature of the stack, which temperature we will 
assume tG be 500° F. The heat thus require-il. wil.l be 
.52 [ 212 - 70 + 966 + .5 (500- 212)] · 651 B. T. U. The net 
heat theoretically available for steam production is therefore 
4012.8 - 651 = 3361.8 B. T. U. per pound of bagasse as fired. 
Thus it will be seen that 651 B. T. U. out of that generated 
must be us d in con:verting the moisture in each pound of 
bagasse into steam in the .furnace before the bagasse fiber can 
be burned. This heat is about 16 '}'< . In other words, 16% 
of the heat gen rated is r quired to evaporate the moisture in 
the bagasse. It is evident that the greater the moisture content, 
the great r thi loss will be. In the m·anner described in the 
·example given above, the net beat value per pound of baga.sse 
as fired has been ealculated for various moisture contents imd 
are given in Table I . 'l'he same is shown graphically in Fig. 1,, 
where it is shown that the net h at value is inverilely propor-
tion.al to the per cent moisture. 
TABLE I. 
NET HEAT VALUE OF BAGASSE WITH 
Moisture 
VARYING MOIS!J.'tJRE. 
Net Heat Valu.e 
per cent. B. T. U. per lb. 
60 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2599 
56 ..................................... . 
54 
52 
2977 
3169.6 
3361.8 
5 
Moisture Net Heat Value 
per cent. B. T. U. per lb. 
50 . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3554 
48 . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . 3746 
46 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3938 
44 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4131 
42 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4323 
40 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . 4515 
38 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4703 
36 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4908 
34 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5094 
32 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5300 
30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5474 
20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6430 
10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7398 
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8360 
NET/3. T.U. PER ~lltVO or B/16/155£ 
FIGURE 1. 
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Let us eonsider a bagasse with 52% moisture, the net heat 
value of 'y11ich is, according to Table I, 3361.8 B . . T. U. per 
pound. This heat is available for producing steam, but, as is 
well known, a considerable portion of it will be lost in the gases 
passing up the sta k, by radiation, etc. The ratio of the heat 
absorbed by the water in the boiler to that supplied to the boiler 
is termed efficiency.. A safe value for efficiency may be taken as 
0.60- tha,t is, 60% of the heat supplied to the boiler is actually 
absorbed, the r emaining 40% being lost through the stack by 
radiation, etc. For radiation and other unlmown losses, 10% 
may be assumed to be a liberal allowance, leaving 30% as the 
b at contained in the flue gases per pound of bagasse _burned. 
Thirty per cent of 3361.8 B. T. U. is 1008 B. T. U. It has already 
been s11own that the evaporation of moisture in a pound of 
bagasse with 521c moisture requires only 610 B. T. U. In other 
words, t11ere is more than enough heat in the flue gases to 
evaporate all the moisture in the bagasse. Under the conditions 
consid r ed above, the efficiency of a drying machine would have 
to be only 610 = .60 in order to remove all the moisture. It 1008 
would seem, therefore, that it should be possible to secure a 
cmu•iderable increase in the fuel value of bagasse by thus util-
izing the waste heat from the smoke-stack in a weH-desigB.ed 
drier. 
For this utilization of th waste heat from smoke-stacks, 
· th re are two possible methods- viz: mixing the hot gases di-
r ectly with the wet bagasse and thus evaporating the moisture; 
or, first heating air by means of the hot gases and then passing 
the heated air in direct contact with the bagasse. We will call 
th first method "direct" and th e second "indir ct." The 
direct method can evidently be applied with less cost than is 
po sible with the indir ct, as in the latter it is nee ssary to use 
some kind of heater for transferring the heat from th chimney 
gases to the air. The dir ct method lias the advantage also 
that more heat can be utilized than is possible with the indir ct, 
on account of th e impossibility of raising the temperature of 
the air to that of the gases from which the heat is transferNd. 
Moisture may be removed from a substance to b lried in one 
or both of two ways-viz: by evaporation or by absorption. To 
,.., 
I 
remove moisture by evaporation, the temperature of the sub-
stance to be dried must be lower than that of the air or other . 
heat-carrying medium. Drying by absorption depends upon the 
capacity which air and other gases have of holding or containing 
:moisture or water vapo1·. In the latter , the moisture is not 
removed by evaporation, but is taken up and carried off by a 
moving current of air-in other words, drying can be accom-
plished :in. this manner witJ1 air at ordinary atmospheric tempera- ' 
tures prov:ided th e air is not a1rPady aturated with moisture . 
.Air is said to be saturated when :it wm not ab orb more water. 
The capacity of air to contain moi tur in reases with its tem-
perature and d creases with its pr ss"\.ue-in other \YOrds, one 
Pound of air at 200° F. is apable of absorbing more moisture 
than it would with a temperature of 100° F. and a pound of air 
'·" 
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under a pressure of 14. 7 pounds per square inch. will absorb 
more moisture than it would under a pressure of 20 pounds per 
iquare inch, temperatures being equal 
The effect of temperature on the maximum moisture one 
pound of dry air will ontain is shown by the curve in Fig. 2, 
adapted from Haushrand 's "Drying by Means of Air and 
Steam." The curve is based upon an atmospheric pressure of 
30 inches of mercury. From this curve it will be noted that the 
maximum moisture contained by one pound of dry air varies 
from 0.01 pound a t a temperature of 30° F. to 2 pounds when 
the temperatm·e is 198° . Further inc1·ease in the t emperature 
increases the capacity very rapidly . 212° F. being the boiling 
temperature corresponding to a pressure of 30 inches of mercury, 
it is evident that when the temperature of the air reaches this 
point the water contained in it :fl.ashes into steam and that the 
removal of moisture will be effected by means of evaporation. 
In drying bagasse, it is n ce sary to use the waste heat which 
would otherwis be di charged from the sta~k. Otherwise the 
cost of drying would not be compensated for by the increase in 
fuel value of th e bagasse. Assuming the direct method.-
that is, drying th bagas e by passing the smoke-stack gases in 
direct contact with th bagasse to be dried- to be the most de-
sirable method on account of Hs cheapness, etc., let us consider 
the conditions .to bll met. Assum that th e bagasse to be dried 
contains 51 % moi tur and that after passing it through the 
drier its moisture is 40'fc , and that this bagasse is then burned 
in a furnace. In other word , th bagasse with 51 % moisture 
i to be dried by the produ ts of ombustion from bagasse with 
40 'fc moisture. This bagas with 407£ moisture will produce a 
mixture of steam (from the moisture of the bagasse), air, nitro-
gen, carbonic acid gas ( 0 2 ) and, ill some case , a small quan-
tity of CO. This mixture will r ach the dri r at a temperature 
'3qual to or lightly 1 than that at the boiler flue, and as it 
passes through the dri er, giving up the heat in evaporating the 
moisture in the bagassc, its temp rature will be reduced lower 
and lower until 212° is rea hed. At this point, if atmospheric 
p·ressure prevails, the team in the mixture of gases will be 
converted into wat r vapor. If th weight of tl1is water vapor 
is less than that r quired to saturate the gases with which it is 
9 
mixed, it will be carried along and discharged, with the gases, 
to the atmosphere. If the water vapor produced from the steam 
is in excess of that required to saturate the gases, the excess 
will be deposited upon the wet bagasse, and this will have to be 
re-evaporated when it comes in contacit later with higher tempera-
tures. It is evident that if the weight of steam is sufficient to 
thus saturate the gases constituting the products of combustion, 
no advantage would be gained by cooling their temperature down 
below 212° F., since the excess moisture would be deposited on 
the bagasse to be dried: It will therefore be proper to determine 
at least approximately the degree of aturation that may be 
expected for an ordinary case. For this purpose we will assume 
a bagasse w)th 51 % free moistur and 9% sugars and non-
su~ars. From the table given on page 12 of Bulletin 117 of 
this Station, the moisture formed on combustion of one pound 
of bagasse will be .28 pound. Summarizing, we have: 
Free moisture ... .. .. .... ... ...... , . .51 pound · 
Moisture of formation. . . . . . . . . . . . . . . .~8 " 
Moisture, total . . . . . . . . . . . . . . . . . . . . . . 79 '' 
Total carbon. . . . . . . . . . . . . . . . . . . . . . . .215 '' 
Assuming an 'air supply 00% in excess of that theoretically 
necessary for complete cumbustion and that no CO is formed, the 
Products of combustion for each pound of bagasse fired will 
con· sist of the following : 
Steam . . . . . . . . . . . . . . . . . . . . . . . . . . . . .79 pound 
Air .......... : . . . . . . . . . . . . . . . . . . . . . 2.48 '' 
002 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .79 " 
Nitroaen ... ... .... . ........ .. ..... 1.92 '' 
Here it will be noted that there is only .79 pound of water 
to a total of 5.19 pounds of gases. Should· the temperature of 
these gases be reduced to say, 200°, the 2.48 pounds of air alone 
Wo ld ' 
u carry (see Fig. 1) about .68 X 2.48 = 1.68 pounds of 
water, more than twice the weight actually present. At this 
temperature the 1.92 pounds of nitrogen would have a moisture-
~~rying capacity of about 5.18 pounds and the .79 pound of 
2 would carry about 1.37 pounds. It would thus seem that 
the total moisture-carrying capacity of the gases from each 
P(}Und of bagasse fired would be 1.68 + 5.18 +1.37 = 8.23 pounds 
10 
of moisture when, in fact, there is only .79 pound of moisture 
to be carried off. In other words, it would seem that there is 
no possibility of moisture being deposited at this temperature. 
Calculation shows, furthermore, that the temperature of these 
gases could be reduced to something rnre 150° F. before the .79 
pound of moisture would be suffici nt to supersaturate the gases 
and thus cause moisture to be depo ited on the incoming bagasse. 
OBJECT OF THE INVESTIGATION. 
In view of the possibilities outlined above, it was determined 
to devise a machine with which to utilize smoke-stack heat in 
reducing the moisture in the- bagasse by bringing t]rn gases in 
direct contact with it. 'rhe object was not to develop a commer-
cial drier, but, rather, an experimental machine with which to 
study the phenomena connected with d-rying and by means of 
which bagas e with varying moisture content could be produced, 
thus malring it possible to make experiments upon the effects 
due to varying the moisture not only as regards fuel value, but 
al 0 as to furnace operation and a sign, including rate of 
comb11stion and grate area. 
Dl)iSIGN OF THE- DRIER. 
At th outset there wa som question ·as to the possibility 
of bringing the flue gas s at temperatures approximating 500° F. 
in direct contact with bagasse without setting it ou :fire. In 
order to g t some information regarding this point, some crude 
experiments were made. Small quantities of bagasse were 
thoroughly moistened by immersing in a pail of water and as 
much of the moisture wa squeezed out by hand as 'was possible. 
This very moist bagasse \Va then plac d in an open wire basket 
and inserted into the smoke box of a boiler, where the tempera-
tur was about 500° F. lt .was found that the bagass in this 
ondition could r main about tw lve minutes before it would 
begin to burn. As it wa thought not likely that the bagasse 
would hav to remain in a drier so long as this, there was little 
fear from this source. The gen r.al construction of the drier is 
shown in the drawing Fig. 3 and photographs, Figs. 4 and 5. 
Fig. 6 shows the drier relativ to its connections with the boiler 
plant and the source of the pow r required to operate it. The 
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machine was designed at the Louisiana State University, the 
details being worked out by Mr. H. A. Iadler, a recent graduate 
of the mechanical engineering department. The machine was 
built in the shops of Mr. Henry Nadler, Plaquemine, La. 
Referring to Fig. 3, it will be seen that the drier consists 
essentially 'of a rectangular sheet steel box about 4'x6' and 20' 
high on a framework of angle irons. The bagasse was elevated 
to the top of the drier, where it entered at A. The smoke-stack 
gases entered at the bottom of the drier through the di.amond-
shaped opening marked a b c d, and therefore passed through in ' 
a direction opposite to that of the bagasse. 
The bagasse enters the drier at A and pas es first one and 
then the other of two mechanically operated eo·unter-weighted 
doors (B). These doors, which were opened by means oi the 
revolving arm (L) shown in the drawing, were arranged so that 
one of them was always closed, thus insuring a minimum leakage 
of air to the interior of the drier. After p.assing these doors, 
th e bagasse fell upon the firs of the inclined shelves ( C), sliding 
frorn this one to each of the others in turn, until the bottom 
was reached and passing mechanically operated doors (D) similar 
:
0 and for the same purpose as those at the top. In order to 
insu1·e a progressive movement of the baga se on the shelves ( C) 
th ese shelv s were given a slight shaking motion. The shelves 
Were ~ecurcly riveted to the cast arms (J) which were fulcrumed 
Gin shafts, alternately, on oppo ite sides of the drier. 'rhe 
shaking motion was produced from the revolving arm (H) 
through the bell crank lever (I) and rod (K). It will be noted 
~hat the rods (K) were supplied with long thread and lock nuts 
in order that the ancrle of the vibrating shelve could be varied, 
thus permitting control of the time during wh1ch th bagasse 
rnoved from top to bottom. The motion of the machine was 
derived from the shaft (G) by means of a spro ket chain. The 
~ethod of driving the shafts (L and L-1) is clearly shown in the 
~ide Olevation. 'l'he machine actually con tructed differed from 
th e drawing in that sprocket chains were used in all ca es instead 
of belts. Th bagass upon reaching the bottom was caught in 
large galvanized buckets and elevated to an especially arranged 
hopper on the dutch oven of the furnace in which dried bagasse 
w::is burned. Two of th se bucket were us d and the hand-
12 
FIGURE 4. 
Front Yiew of drier, showing driving m •cbanism and fan. 
lo 
FIGURE 5. 
Re:i.r view of drier. 
operated door (E ) was used to divert th e bagasse into flrst one 
and th en th e other of the buckets. These buckets are shown in 
place in Fig. 4. 
The manner of conducting th e smoke-stack gases to the bottom 
of the dri r i clearly shown in Fig. 5. Small windows were 
placed in two opposite ides of the shell Qf the drier for con-
veni ence in insp ctin.,. its operation. The entire machine was 
constructed in one piece in the sl1ops, and then placed upon a 
concr te foundation , as shown. 
Fig. 6 shows the general arrangement of the plant. By 
means of a sliding door in the bottom of the main bagasse carrier, 
bagasse could be fed to the 18" auixiHary carrier at any desired 
rate. The bagasse was th n el vated , to the top e:f the drier 
(A in Fig. 3 ) .by the auxilliary conveyor which consisted o:f a 
sheet iron trough with an ordinary drag carrier. This carrier 
can be seen in both Fig. 4 and Fig. 5. The products of combus-
tion were drawn through the drier by means o~ the 55" fan 
shown in the diagram. The gases leaving the boiler rose through 
the uptake, entered a horizontal flue 27~" square and passed 
to the point B, th nee downward ' into the bottom of the drier, 
then e up through the drier into the fan. The gases leave the 
drier at the opening indicated by the dotted circle near the top 
of the dri er (Fig. 3) . The gases, after passing through the fan, 
wer di charged a hort distan e above the roof. The relative 
position of fan and drier may be seen clearly in Fig. 3. Thus, 
it \Vill be s en, the fan produced not only the necessary movement 
of gases through the drier, but the draft necessary for operating 
the furnace itself. The fan when running at 400 R. P. M. 
produced a draft of 1%" of water in the suction of the fan. 
The boiler t sted was one of a battery of three served by a 
single ~tack. A damper ( ) was therefore placed in the flue 
so that when operating the drier and fan the test boiler could 
be cut off from the stack. Another damper was provided in the 
flue between the boiler and the drier and near the drier. 
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THE EXPERIM E NTS . 
As has been stated previously, the object of the experiments 
was to _ obtain data regarding 'the phenomena of . drying; also 
data regarding the design and operation of furnaces with bagasse. 
having varying quantities of moisture. The evaporative boiler 
test was the general method by which the data was obtained. The 
water evaporated per pound of dried bagasse was determined 
by tlrn evaporative test by comparing tl1is with similar data 
obtained in the same manner with 1mdried bagasse as fuel. The 
advantages due to drying were thus sho>vn. For this method 
of procedure it was th refore necessary to weigh the feed water 
and the bagasse in all tests. , 
The tests \,1ere made at the Palo Alto Factory belonging to 
the firm of B. Lemann & Bro., three miles from Donaldsonville, 
La. The t ests were made upon a Sterling boiler with 1000 square 
feet of heating surface, which was set aside for the experimental 
work in view for the whole grinding season by the owners of 
the factory. For the season's experiments this boiler was com-
pletely fitted as an experimental plant, the boiler being supplied 
with its own special feed water pump; also an oil pump fitted 
with a governor, so that experiments could be made in which 
oil and bagasse were burned together in. the same furnaee. 
Fig. 7 shows the general construction and dimensions of the 
boil r and furnace. The area of the grate for most of the tests 
was 20 square f et-that is, 4' long and 5' wide-the bridge 
wall being placed over the back end of the Gordon Hollow blast 
bars. The weight of this bridge wall did not rest on the bars, 
however, a small arch b ing used to carry it to the side of the 
furnace. This arrangement was used in order that the area of 
grate might be reduced to the desired 'amount and still use the 
5' 6" bars. Toward the end of the season, experiments were 
made with the bridge wall moved back to the position shown by 
dotted lines, thus giving a larger grate area. The bagasse, 
which had been previously w igh d, was fed through the tempo-
rary hopper (X) shown by dotted lines, the regular hopper 
being closed at such times. The tempo-rary hopper waa also pro-
vided with a door so that it could be closed when tests were not 
being conducted. 
FIGURE 7---Boiler and furnace used in tests_ 
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'rhe furnace was arranged so that it could be operated with 
forced draft or natural drdt at will, the hollow blast bars being 
connected up with a Sturtevant blower, th discharge pipe of 
wl1ich was provided with a gate. When operating with natural 
draft, th e blower was not operated, and by keeping th blast 
gate op n a consid rable draft of air was obtained through the 
hoUow bars. It will be noted that the top of the furnace ends 
in an arch back of the bridge wall. The object of thi arch was 
two-fold-viz: to bring about a more complete admixture of the 
gases just prior to their contact with th e h ating surface and 
to render tl1e heating surface near the lower end of the tubes 
more effective, by causing th flam es to strike lower down. 'rhis 
arch also caus d th gases to mix bett r , th enlarging of the 
chamber just below it aiding complet e ombustion. 
Th e baga se came from a six-roll r crushing plant composed 
of a Leed 's f r nt mill with rollers 32" x 72", and a Whitney 
back mill with rollers of the same diameter . . 'l'he journals of 
the L eed mill were 12" x 15" and those of th Whitney mill 
16" x 22". Th mill wa grinding at th averag rate of about 
·750 ton's per 24 hours during th e t ests. 'r11e mill was erved by 
ti Marslrnll crusher. The per cent dilution add d in maceration 
varie 1 from 6% to 10%, ''"ith an average of about 8% . 
APPARA'l' SED FOR TES'l'ING. 
The · team from the boiler was taken from a large drum at 
the top, which was in tall a for t he purpo e of incr asing the 
dryness of the steam. A throttlinO' calor imeter was us d for the 
det rmination of th e quali ty (drynes •) of the steam ) aving this 
drum. 'l'he feed wat r for th exp rimental boiler was weighed 
automatically by m an of a Wil ox wat r w igher, whi h had 
been calibrated previously . A th ermom ter w ll was placed in 
th feed pipe between the boil r and the pump for measuring 
the t mperature of the feed water. l'wo Ellison liffer ntial. draft 
gauge w r us d for d termining the draft (va uum ) in the 
furna e and a h-pit r sp ctivcly. 'l'h y were mounted upon the 
ide of th dutch oven, hol being drill d through the brick 
wall and connection mad hy means of 1·ubb r tubing. Purnace 
temperature were obtained by means of a Bri tol Th rmo-
El tr ic Pyrometer (:Big. ) . 'l' h flu gase. w r analyzed 
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FIG RE 
Thermo-El ctri Pyrometer. 
by means of an Orsat apparatus. For getting the flue gas 
sa~ples a Hays gas sampling apparatus was used, by means of 
wl1ich an av rage sample ·wa obtained. This apparatu consists 
~ssentially of a cylind1·ical v ssel about 10" in diam ter and 2' 
in length, the upper end of which was connected to the gas-
~ampHng tub and with a pipe leading do~ward from the 
ottom end. 'I'o operate it the vessel was £lied vvith water. Then 
a valve in th pipe leading from the bottom was partly opened 
and the water nowing out of the ves el drew in gas . By prop-
erly r egul ating the flow of th water, the time of sampling was 
made to last dming the entire time of the te t. Thi arrange-
. 7en_t, as will be readily seen, requires only one gas analysis ~ ~rmg en h boiler test, and consequently save much time and 
ta or. Fahrenh eit thermometers were u ed for obtaining the ~ltlperatnre of the gases in the flu e.near the uptake of tlie qoiler, 
a so thos entering and leaving the drier. An aneroid barometer ~vas used for ohtaining th atrno pheric pr ure. Two galvan-ized · iron buckets each having a capa ity of about 5% n. feet w~rle used for w ighing the bagasse. 'I he§e buckets were equipped 
wit1bail d · dh b s, an after being £lled were hoisted to the f e opper 
thy means of a rope and pulley. During th e hoistin operation e w · J • 
. t eig ling was done hy means of spring balances. .As the es~s requir d a cm·ate knowl dge r egarding the percentage of 
mo1stur · 1 . d . e m t 1e bagasse be.fore and after pa mg through the T~ier , much time and labor was expend d in attempts to do this. 
abie apparatus used r.onsi ted of nin or ten cracker cans of 
b· o~t one cubic foot capa ·ity each, in which the samples of 
· satg~sse w re colle t d and then placed on the top of the boiler 
e tin<> . 
th 6 near the fine. '£he temperature at th1 place, due t,o e rad' r . la ion from the boiler setting and th flue, was sufficient 
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to dry the samples thoroughly in about 24 hours. These tin 
cans were found to be better than sacks for the r ason that the 
latter often catch on fire and burn. The weighing of the bagasse 
samples before and after drying was done with druggist scales 
in the laboratory of the factory. 'l'he drier was operated from 
a shaft directly connected to a 10" x 12" slide valve engine. 
TESTS OF DRIER. 
A.s already stated, the performance of the drier was judged 
mainly by the amount of water whfoh could be evaporated in 
the boiler per pound of bagasse as .fuel. Some of the boiler tests 
were therefore made with dried bagasse as fuel and others with 
undried bagasse as fuel. Before starting th cse tests a considerable 
amount of preliminary work was done in getting the drier to 
operate satisfactorily, some few changes from the original design 
being necessary. 
The tests were carried out according to the usual rules for 
that purpose and observations were made accordingly. The ob-
servations for the boiler tests were as follows: reading of the 
counter on the feed water weigher; temperature of feed water; 
draft in furnace, in ash-pit and in flue in inches of water; 
temperature in furnace and in flue; steam pressure; temperature 
and pressure in calorimeter: The atmospheric pressures and 
temperatures were also taken. The duration of the tests varied 
somewhat, though when possible it was eight hours, and the 
observations named above were made at intervals of 20 minutes 
throughout each test. In addition to these observations, which 
pertained to the performance of the boiler alone, others were 
made with especial reference to the performance of the drier. 
'l'hese included initial temperature of the gases entering the 
drier, t mperature of the ga es leaving the drier, per cent mois-
ture in bagasse entering the drier and per cent moisture in 
bagasse leaving the drier. For those tests in which the drier was 
operated, four men were required, two for weig~ing the bagasse 
and feeding it to the furnace, one for ke ping the log of observa-
tions and anotl1er to look after the op~ration of the drier. The 
writer was as isted in this work by Messrs. H. A. Nadler and· 
I. E. ushing, graduates in the mechanical engineering course 
of. the Louisiana State University. During most of the time 
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there was also present some one of the engineering seniors of 
the University who ·gaYe valuable aid. In all, some forty boiler 
tests \Vere made, the time consumed in preparing for and in 
lllaking the tests being practically the entire grinding season. 
The first test was made on To~ember 15 and the last one on 
December 22. 
DATA FROM TESTS. 
TabJe II gives the data taken during the tests, the items in 
each horizontal line being the averag s fo r one te t. ome of 
th . 
e 1t erus in the table are observed data and some are calculated. ~'he :methods us din calculating the latter were the same as used 
or the boi1 er test described in Bulletin 117 of this Station, to 
Wh~eh those interested are r espectfully referred. In order to 
Profit by the opportunities afforded with o complete an experi-
lllental plant many variations. in the ope ation of the plant were 
lllade. Some of the tests wer e made with chimney draft alone 
:nd sorne with forced draft. This is shown in column 34, those 
ests With forced draft being desicrnated "BL," for blower, and 
:hose· in which the blower was not used being de ignated '' n~t,'' 
h or natural draft. It should be noted that the term "natural " as 
ere us -dis not exactly correct for the tests where the drier was 
used fo tl . . d r ie reason that, though it wa vacuum draft, bemg pro-
fl'uced by an induced draft fa
n, it was not "natural" draft. The 
e ect h . . d ' owev r, ls the same, as both natural draft and mduced 
raft result in pr s m·es less than atmospheric with.in the boiler 
setting. 
d ~he amount of draft (vacuum) was another of the variables 
thuring th tests. 'l'hc gauge used for measuring the draft in 
the flue was not always sati factory in its op ration, though 
. c two used for th furnac and the ash-pit were accurate and 
inl good Working condition. For tbi reason the draft was 
. away · · 
s Judged by that in the furna e, th e averages of which 
are shown in column 22. 
th Th~ moisture in bagasse was varied by u ing or not u ing 
t e dt·i er, and it will b not d that the table i divided into £:01 parts, the fir t comprising 22 te ts with undried baga se a as~ and the second comprising eleven tests with dried bagasse 
uel. The data regarding moi ture i given m columns 5 and 6. 
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Due to varying quality of ane and mill work, there was con-
siderable variation in the moisture content of the wet bagasse, 
as shown in column 5. 'l'bis variation made possible further 
studies of the effect produced by moisture. 
In studying the possibiliti s of drying bagasse with smoke-
stack heat, the matter of using the heat from the oil boilers was 
considered. Arrangements were therefore :p-iade for measuring 
th~ oil u eel. by the burner in the· furnace of the experimental 
plant and tests macle in which oil and bagass were burned to-
getl1 er, the comb)ned products of .combust1on being u ed in the 
dri er for drying bagasse. In this way it is evident that more 
heat ould be uppli d for the drying of each pound of bagasse 
than when bagasse only was fired. Tests 26 and 34 were made 
with this condition pr vailing. The items in columns 3-8; 17-25 
and 30-32 inclusive ar the averag of observations taken during 
the tests, the balance being calcu.lated. 
Nearly all of the tests wer made during the day time, the ex-
perim ntal boiler being turned over to the firemen and water 
t nders who op rat d it with the balan e of the boiler plant dur-
ing th night or nntil another t st wa ready to be made. In this 
way the boiler and setting was hot and in normal condition at 
the beginning of a h test. Ju t prior to beginning each test 
the blow off valve of the boiler was opened for a sliort tim and 
th boiler tub s blown off with steam. In this mann r the boiler 
was made to operat under like onditions, as regard cleanline s 
of heating surfac for all tests. 
'l'he op ration of the .furna s wa as n ear that of the regular 
methods us din the factory as po iblc, th flres b ing clean d by 
th r gular flrem n about on e ev 1·y four hours and sliced every 
two hour . 'l'he draft doors wcr usually wid open. 'l'he blow-
.er used in the test wher fore d draft was us d supplied a pres-
sur of J J-2" of water in the blast pipe just where it entered the 
setting of the boil r. As this pressure wa practically ·constant 
for all of the test and as only a few t sts w re made with 
forced draft, thi it m is not in luded in table. 
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~!t Strong draft. Fire dull during most of test. Ba-
gasse feed somewhat light . 
Bl.. Strong draft (vacuum). Dull tire. Feed as heavy 
as was possible under conditions. 
Bl .• ! B tter fire than in test 4, apparently. Low vacuum 
in furnace. 
Bl .. 
1 
Furnac cold at start. Furnace very hot at end. 
Apparently tine tire. 
Nat. Medium vacuum in furnace. Heavy teed. 
Nat. 1 High vacuum in f
urnace. Gases moved through fur -
nace at high velocity with pulsatlng effect. 
Nat. ! Medium vacuum In furnace. Draft doors closed. 
Furnace full of bagasse. 
Nat. Vacuum low medium. Moisture high. 
Nat. Vacuum In furnace medium. 
Bl. · 1 Low vacuum In furnace . 
Bl. . Combustion chamber very bright with whitish 
color. 
Medium vacuum in furnace. 
Bl. . High rate of combustion. Vacuum low medium
. 
Nat. Oil and bagasse burned togeth1>r. Low vac
uum. 
Very hot fire. 
Bl. . Oil and bagasse burned together. Vacuum, low
 me-
dium. 
Bl. . Oil and bagasse burned together. Low va
cuum. 
Bagasse feea somewhat light. 
Bl. . Low moisture In bagasse. .Low vacuum. 
Nat. Grate surface Increased. Low vacuum. 
Nat. Enlarged grate area. Vacuum medium. Low m
oist-
ure. 
Nat. Back arch removed. Low vacuum. Furnace 
dull. 
Nat. Back arch removed. Vacuum very low. Fire
 very 
good. 
Nat. Very high vacuum. Back arch removed. 
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per cent of solid matter and that leaving had 100 - 46.54 = 53.6 
per cent solid matter, and for each pound of bagasse entering 
. there was 46.08 -;- 53.6 = .859 pounds leaving. The average 
evaporation of .2.54 pounds per pound of dried bagarose would 
therefore be 2.54 X .859 = 2.18 pounds per pound of bagasse 
entering tl1e drier, or, what is the same, coming from the mill. 
The actual increase from the evaporation per pound of bagasse is 
2.18-1.54 . 
therefore ~54 - -41.5 per cent. This is a large saving in 
favor of drying bagasse, but it will now be shown that this even 
does not show. the r eal relation between the evaporating powers 
of the dried and undried bagasse for tJ1e reason that, aside from 
the differ~nce in moisture content, the conditions were le~s favor-
able in the tests with undried bagasse than in those with dried 
bagasse. Mention has been made already of the fact that the 
draft was varied in the different tests for the purpose of getting 
some data regarding its effect upon efficiency. Referring to 
TABLE III. 
Wet bagasse. Furnace draft below 0.2". 
Water Evaporation 
Test Percent Furnace F . & A. 
Number. Moisture. Draft. per lb. Bagasse. 
5 53.5 .143 1.755 
6 52.6 .138 1.948 
7 52.6 .1G4 1.648 
15 5'6.2 .18 1.533 
19 52.7 .136 1.970 
21 54.7 .082 1.516 
23 54.5 .186 1.680 
27 54.6 .111 1.025 
31 54.6 .171 1.408 
32 55.0 .146 1.521 
33 · 50.0 .13 1.804 
36 56.0 .123 1.793 
37 - 52.7 .184 1.543 
38 .16 1.252 
39 52.3 .on 2.024 
Average .... .' .. 53.71 .143 1.628 
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TABLE IV. 
Wet bagasse. Furnace draft above 0.2". 
Test Percent Furnace 
Water Evaporation 
F . & A. 
Number. Moisture. Draft. per lb. Bagasse. 
3 54.00 .34 1.283 
4 55.2 .33 1.244 
13 55.5 .35 1.48 
14 55.5 .2'5 1.5 
16 .26 1.283 
22 54:.4 .266 1.440 
40 51.8 .29 1.275 
Average ........ 54.4 .298 1.358 
column 22, it is seen that the draft in the furnace above the 
fire varied from a maximum of 0.34" of water down to a mini-
mum of .077" in the tests with wet bagasse, the average being 
.196", while for the t ests with dried bagasse, the draft in the 
furnace varied from a minimum of .061 ° of water to a maximum 
of .183", the average being .10". Thus it will be seen that 
the draft was considerably greater for the t ests with the undried 
bagasse. An examination and compar~ on of the figures in 
columns 22 and 28 of Table II shows very conclusively that very 
high draft· in the furnace results in decreased evaporation per 
P~und of bagasse. Only casual observation ·is needed to see that 
with low draft there is increased economy. This may be shown 
'7ery clearly by grouping the tests in two parts, acco.rding to 
the furnace draft as given in Tables III and IV. The average 
of the furnace draft and the corresponding water evaporated 
Per Pound of bagasse, for those tests in which the furnace draft 
~as less than 0.2" of water are .14" and 1.62 pounds respect-
ively. Likewise, these averages for the tests in which the fur-
nace draft was more than .2" are .29" and 1.35 pounds. In 
other a 2.62-1.85 
wor s. th r wa an incr a of 100 X = 20 per 1.35 
cent· 1n the water evaporated per pound of baga e by reducing the iurn~ce draft from .29" to .14" · that is, by halving the dr.a:ft. 
n view of this fact, it is evident that the 41.5% increase in fuel 
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value, given above, does not show the. real increase for the reason 
that ome of the te ts with wet bagasse were made under unfavor-
able conditions of exces ive draft. In ord r, th'erefore, to make 
a fair comparison, Table V has been prepared by cutting out all 
TABLE V. 
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of th e tests with higl1 draft. It will be noted that there was 
relatively low draft in all of th tests made with the drier run-
ning. Thi was due to the fa t that although the draft produced 
by the induc d draft fan was ampl,_ at th inlet to the fan, the 
r istance between the fan and the furnace due to the long flue 
and the drier made it impossible to get more than a limited 
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Vacuum in the furnace. Returning to the data in Table V, 
column 6, shows an average evaporation of 1.63 pounds of water 
from and at 212° per pound of wet bagasse with 53.5% moisture 
(column 3) and 2.53 pounds average evaporation per pound of 
dried bagasse with 45.4 per cent moisture. By means of a cal-
culation similar to that shown abov we find that with these 
moisture contents, the weight of the baaa se after passing the 
drier is 85.1 !fc of that entering the drier. The increase in fuel 
valt)"' d t a . . f 00 2.53x. 51-1.63 3 
"' ue o rymg is there ore 1 X - 1.63 - = 2.1 per
 
cen t. . 
. It wm be noticed that the average furnace draft (column 4) 
ls, with the grouping given in the table, still a little less for 
the t sts with dri ed bagasse tl1an for those with wet bagasse, 
~ving th e former a slight advantage.. However, the difference 
18 so small that it may be assumed t)1at the two groups of tests 
Were made under equaJly favorable cond.itions and the gain due 
to drying taken at the figure calculated above-that is, 32.1 %-
BOILER AND FURNA E EFFICIE CY. 
R ferring to the averages of moi ture conte~t for wet bagasse 
and dried bagasse giv n in column 3 of Table V, we find that 
the above increase in fuel value \Vas due to reducing the moisture 
frotn 53 o to 45 %, the heat value b ing lOO X 2·53-; ·63 1.6 
=
55.J % greater than the form r, per pound. It is inter-
esting to compare thi result with the theoretical gain which 
;ould . r esult from the same deer a e in moisture as calculated. 
abl I giv th e theoretical net heat value for one pound of 
bagasse with val'ying percents of moi ture, the ame data beitig 
shown graphi ally in Fig. 1. Ac ording to Fig. 1 the tbeoretical 
net l1eat value of one pound of baga se with 45.4 o moisture is 
4?00 B. T. U. and with 53.5 % moi ture is 3125 B. T. U. This 
~::es a theor tical increase of 75 B. T. . per pound of bagas e. 
igur d as a percentag , this would be an increase of 28% , 
Wher as th actual increase, shown above, was 55.1%. Thus we ;e that the actual gain is much greater than the theoretical gain . 
. he same thing is shown in a diff rent manner in the greatly 
increased boiler efficiency with the tests using dry bagasse. In 
column 7 of Table V we find an average efficiency of 50.7% with 
wet bagasse and 6i~.5% with dry bagass . The term efficiency 
as used here is the ratio of the heat converted into steam to 
that generated in the furnace, the latter being based on the net 
heat value as shown in Table I. For example, suppose it is 
found by a boiler test that 1.7 pounds of water are evaporated 
from and at 212° per pound of bagasse with 54% moisture, the 
temperature of the stack being 500° and the bagasse entering 
the furnace, 70° . 
Referring to Table I, we :find that the net heat generated per 
pound of the .bagasse is 3170 B. T. U. The heat utilized in 
ma~ng steam per pound of bagasse is 1.7 X 970.4 = 1649.6 
B. T. U., 970.4. being the latent heat of vaporization at a tem-
perature of 212°. The efficiency according to the above definition 
is ther fore 1~~~~6 X 100= 527c. 'rhe lrnat values of Table I were 
ra.l'?ulated as explained on page 4, assuming a stack temperature 
of 500° F. and a boiler-room temperature of 70° F .. The efficien-
cies in column 7 of Table V were calculated in the same manner, 
except that the stack temperatures and boiler-room temperl'l.tures 
observed during the tests were used. 
The reason or reasons for the greater efficiency with the dry 
bagasse are difficult to explain, and the data from the tests do 
not furnish satisfactory evidence regarding it. It might be sup-
posed that with the drier bagasse there would be less danger of 
smoldering and therefore less incomplete combustion. In ·fact, 
this is probably the proper explanation, though it is not borne 
out by the data in column 10 of Table V, which shows an equal 
percentage of CO for the dry and wet bagasse. The denominator, 
in the above fraction representing efficiency, being based upon 
calorimeter tests, will be constant. In order therefore that the 
efficiency be increased the numerator must be increased. This 
may result from better conditions in the fumace, causing a larger 
heat generation from each pound of bagasse or it may result 
from a better condition of the boiler, causing larger absorption 
of the heat generated. It can hardly be expected that there 
would be any difference in the J1 eat-11bsorbing efficiency of the 
boiler with wet or dry bagasse, so that · it is reasonable to sup-
pose that it is due to more complete combustion; in otlrnr words, 
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that more heat is realized from the solid matter in the fuel with 
the drier bagasse. 'l'heoretically, the sum of the flue gas compo-
nents should be 21; that is, the 002 + 0 + CO should total 
21 %. In the combustion of bagasse, however, it is always found 
that this total falls short of the 21 3 . By taking totals of these 
quantities for the tests with wet and dried bagasse, w·e obtain 
18.62% and 20.1 % respectively. Thus it will be seen that the 
sum of the components is greater for the tests with the lower 
moisture content and whlle this gives nothing de-finite as to .the 
greater efficiency, it does show that there is a difference in the 
flue gas analysis. From this it would seem that with bagasse 
having great moisture there are other gases besides those shown 
by the Orsat apparatus-viz: 002 , 0 and CO-and that the 
deficiency may be composed of these gases in an unburned state. 
It should also be noted that there is a larger 002 content along 
with a smaller excess air, as signified by the smaller proportion 
of oxygen from the tests with dry bagasse. This would of course 
account, in small part, for the greater efficiency. 
FURNACE TEMPERATURE. 
As might have been expected, the temperature in the furnace 
Was considerably higher with the partially dried bagasse as fuel. 
This was due to two main things, one of which was the fact that 
with the drier fuel the bagasse burned more freely with a small 
excess of air. Then, too, there being less moisture, there was less 
absorption of heat in converting same into steam. From column 
20 we see that the average t emperature of the furnace in the 
tests 'With wet baga se was 1503° F., while for the tests with dry 
bagasse the average was 16~° F. With the higher furnace 
temperatures it might naturally be expected that there would be 
more thorough combustion and therefore greater heat generation 
which would increase the calculated efficiency. Then, too, since 
the transmission of heat through the walls of the h·eating sur-
face is proportional to the difference between the temperatures 
of. the gases on one side and of the water on the other, it is 
eV1dent that the increased furnace temperature would increase 
th" . 18 differ ence so that greater absorption of heat by the water, 
~~~ th.erefor e decreased loss through the stack, should r esult. 
18 gives further light upon the matter of the increased effi-
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ciency with dry bagasse. In Table VI is given tb e heat balance 
for all the tests excepting a few where th e data :for calculating 
same was incomplete. In column 2 is given the heat value of 
Number of Test 
3 .... ...... . .... • .. ... 
4 ... . .. •.•. •. .. •..•... 
5 . ........ ... •...• ... . 
6 • . ... . .........• . . . .. 
7 ....... .... •. . .•..... 
13 .. .. ...•...•......... 
14 ,, ... . ..... . .. .. .. .•. 
15 ........... .. . . .. .. •. 
21 ......•...• ' ..•.... .. 
22 .... . .•.......•...... 
27 .. ..... ...•......... . 
31. . .. . .. .. .. .......... 
32 ......•...... .. ...... 
33 ........... . .... ... .. 
36 ...... . .. .•.. . . ..... . 
37" ..... ... . .......... 
39 .. .. .... ...•......... 
40 ........... . . .. ...... 
Average . .......•. · I 
8 . ... . ...... . ..... ... . 
10 ....... ~ ............. 
11. ... ............ . .... 
17 .... . ......... . . . .... 
18 .... . ... . . .... .. ..... 
Av rage . ....... . . · I 
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dry matter in one pound of the baO'asse fired, calcu lated from the 
calorimeter values. Of this heat supposedly generated a portion 
is lost in the dry gases pas ing out the stack, a portion is lo. t in 
th e steam generated from the initial moisture in the bagasse 
and from the moisture produced by th e combination of the hydro-
gen and oxygen in the fuel; a portion may be lost due to incom-
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plete combustion-that is, by burning the carbon to 0 in tead 
of C02-and the balance is lo t from radiation and other small 
unknown causes. These different lo es are given in columns 
3 to 7, inclusive, of the table and are e.xpressed as a p rcentage 
of the heat generated as given in olumn 2. In vtb er ·words, the 
value in column 2 is taken as 100 . o in each case. The value in 
columns 3 to 6 were calculated by methods commonly used, from 
data taken during the test , includin.,. the flu e gas analysis, 
their sum being equal to 100 per cent. The method used in 
calculating t11 e heat balance is too tediou to give here. One 
point wh)ch should be explain d1 however, i .the manner of 
arriving at the chemical composition ot: the fuel. In order to 
calculate the h at balance it is nece ary to know thi . In these 
calculations it was assumed that arbon was the only element 
producing heat which is in accordance with. the facts . The 
method of arriving at the amount of carbon is shown on page 12 
of the writer's Bulletin 117 of this Station, the data required 
being the per cen t moisture and foe per cent sucrose in the 
bagasse. No determinations of tJrn sucrose in baga se were made 
in the tests, but they wer made daily by the clrnmist of the 
factory, the average for the sea on being 67<, and this fi.,.ure 
was used in the heat balance ·calculations. Those intere etd in 
the methods of calculating the heat balance may find same in 
any text-book on :flue gas analysis or on boiler te ting. 
The heat balane brings out plainly the large Jo s in the 
chimney gases (columns 4 and o). Unfortunately, insufficient 
data w::is obtain d in the tests with dry bagasse for a fair com-
parison with those from wet bagasse. 
PRACTICAL WORKI G OF THE DRIER. 
. In starting t11e drier, the usual procedure was to start the 
1nclueed draft fan and draw smoke through it for some time 
before the bagasse was fed to it. In this manner, the drier was 
thoroughly heated before the actual drying was started, the fu r-
nace being fir d from the main carrier or with fuel oil. Althougi1 
there was considerable cl aranc between tbe shaking shelves 
and the outer shell of th dri r , th re wa occasionally trouble 
fr~m binding cans d by buckling of t11e he t iron sides of the 
di·i er . This only happen ed, howev r, wh n the drier was first 
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heated, the thin material of the shell being heated very much 
more rapidly than the frame work of angle irons, etc., this 
causing buckling. As soon as the entire drier, frame and all, 
was uniformly heated and expanded, the thin metal straightened 
out and there was ·no more of the binding referred to. This 
furnisl?ed one of the reasons for preliminary heating of the dri er. 
Attention has already been called to the fact that the mechanism 
of the drier was such as to allow of the adjustment of the 
amount of inclination of the shaking shelves so as . to give the 
bagasse the desired progr es ive motion through the drier. It was 
found that different settings of these shelves could be used with· 
different qualities of the bagasse. As a rule, the attempt was 
made to make the inclination as small as possible in order to 
retard tl1e motion of the bagasse and in that way keep it in the 
drier as long as possible, the purpose bei.µg to effect the maxi-
mum possible dr ·ng. It was found that with bagasse having 
relatively little moisture in it a small inclination of the shelves 
was satisfactory, the bagasse passing through uniformly. If, 
however, the quality changed, especially as regards moisture 
increase, it was necessary to increase the angle of inclination 
to prevent lodging of the bagasse. After considerable experi-
m nting with this phase of the operation, the most satisfactory 
inclination of these shelves was found to be about 20° with the 
horizontal. With this setting any bagasse could be used without 
the trouble above mentioned. The vibration or shaking of the 
shelves was very slight, about 3 degrees. On account of the fact 
that one side of each shelf was hinged there was a tendency for 
the bagasse to lodge, or at least move very slowly, until it got a 
portion of the way across, after which it would slide very rapidly 
over the lower end of the shelf, due to the greater motion of 
the shelf at that end. The r esult was that the lower end usually 
held no bagasse and the time required to pass through the drier 
from one end to the other was very short. In order to partly 
r emedy this, 1" angle irons were riveted across the lower ends 
of the shelves. This retarded the movement of the bagasse and 
resulted in a more uniform layer of bagasse on the entire surface 
of the shelves during operation. In thi.s manner the time re-
quired for passing the bagasse through the drier was also length-
ened. By tying pieces of colored paper to pieces of the bagasse 
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it was comparatively easy to tim e the pas age through the dri er, 
and this was found to be, on an average, about one minute. 
'l'he engin running th e dri er and fan was made to run at 
a speed of about 100 R. P. 1\'.I., which gave th shelves about 
twenty-five shakes per minute. It was found that the lower 
shelv s could be given slightly less inclination .than the upper 
ones because of the drier bagas e reaching them. Considering 
the fact that the drier was the fir t of it kind, it operated very 
~atisfactorily and was ucces ful even beyond expectation in dry-
ing bagasse. One or two difficulties were encountered, however, 
Wl1ich can be easily avoided by light hanges in design. On 
of these was due to the £act that the rectangular throat or 
nozzle at the bottom of the ffrier containing the two counter-
Weig}1ed doors was not ufficiently large, the result being that 
there was an occasional choke when the feed was heavy. By ref-
erence to Fig 3 it will be seen that upon entering the drier at the 
topthebagassehad to fall directly across the opening leading from 
the drier (see dotted cir le). Thus the bagasse was compelled to 
Pass directly through the current of ga es leaving the drier, 
the r esult being that very small particles were carried through 
the fan and discharged upon the roof. The quantity of bagasse 
thus lost was too small to be of consequence as far as its fuel 
value Was concerned, but it was, of cour e, objectionable on 
account of the Jitter it caused on the roof and yard and because 
of the necessity of having to sweep it off. This, however, can 
be easily avoided by changing the design o as to avoid the 
.entrance of the bagasse directly across the current at the point 
of lllaximum v locity. It is probable that it could be avoided 
also by placing the draft fan in th flue between th boiler and 
the drier. 
Tl1e experiments with the dri r showed conclusively that 
there was no danger of fire du e to the ignition of the bagasse 
from the heat of the gases, as long as the bagas e was in motion. 
Occasionally there was an accumulation of a small quantity of 
:fine bagasse in er vices at the upper end of the shelves where 
there was little motion. This "ould, of course, become thor-
oughly dry and catch o:ri fire. The quantities thus burned, being 
v~ry small, however, the results were of no consequence--in fact, 
t ey Were not even noticeable to the operator of the drier. The 
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moving part.s of the drier were found to be strong, giving every 
indication of their ability to operate continuously without the 
necessity for r qpairs. 
HEAT EFFICIE CY OF THE DRIER. 
Of the total heat delivered to the drier, in the gases coming 
from the furnace, only a part was utilized in the useful work of 
evaporating the moisture in the bagasse; the remainder was lost 
in radiation, in the gases di charg d .from the drier and in heat-
ing the air which leaked into the drier. . The latter may be 
regarded as negligible as the shell was tlghtly constructed and 
the arrangements for admitting and discharging the bagasse 
without air 1 akage w re efficient. 'rhe loss of heat in the gases 
di~charged from the drier would, of course, depend upon their 
temperature, the lower the temperature the smaller the loss. 
The loss due to radiation was naturally rather large, as the 
shell of the drier exposed a very large area to contact with the 
atmosphere and the temperatures within the drier were very 
high. Table VII gives data taken during the tests relative to 
the drier. The it ms in columns 2, 3, 4, 5 and 7 were observed 
during th t t and the oth rs wer calculated from the data 
in column 2, 3 and 8. Th manner of weigMng the bagas e 
in large galvaniz d iron buckets has already been explained. 
Particular care was exercised in filling these buckets to a uniform 
fullne s at all times, with th purpose in. view of obtaining a 
ch -ck on the moistu~e content, th weight of a bucket of bagasse 
being proportional to the quantity of moisture it contains. 'l'his 
average weight of a bu ket was obtained by di.vidin"' the total 
bagasse weighed in a test by the number of bucket!l weighed. 
The data on this is given in column 10. Reference to column. 6 
&11~ws a fairly uniform drop in t mperature of the gases while 
pa ing through the drier. It will be noted, however, that the 
maximum drop o curred 'Yhe.re the initial t emperati1res were 
highest. A .comparison of the figures in columns 3 and 8 seem 
to indicat in a g neral way that the r eduction of moisture con-
t nt in. the bagasse was as great in the tests with maximum 
bagass f ed _as in those with less bagasse feed. Thos tests with 
low initial t mperature, especially tests 1, 8 and 9, gave poor 
results in drying. The rate at which the hagasse was fed to tha 
drier is shown in column 8. 
.... 
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TABLE VII. 
Tempera-
ture of 
Gases 
1· ..... ..... 37.6 .............. 84 
8. .. . .. 53 .8 45.6 . 452 206 246 81.4 
1~: : : : : : ~~:~ ~u H~ 150 · 23.1 · ~u 
11 . . . . . . 53.0 I 48.6 369 137 232 90 
26... ... 53. 7 43.0 518 222 296 72 
. . . . . . . 55. 4 48.l 569 282 287 76 
9661. . .. . 29.6 53 151.8 28.9 
857 55 30.6 
6 6 52 31.2 
1,268 l 119 33.6 
1,19 180 27.9 
1,108 . . . . . 27.9 
1, 255 204 25.9 
1,526 250 27.3 
1,110 1 0 25.6 
tr :. :. :.:.:.
1
.::-.:.
1 
~u I iii ·~~i· 1 ·i~t · ~~ 34 . I · · · · . 57.9 ..... 499 / 282 211 79 3,155 ..... 24.7 
26.2 
29.0 
36.5 
Oil and 
Bagasse 
Oil and 
B agasse 30 
· · · · ·. ! 55.1 ! 47 .4 ! 487 ! 2 49 ! 238 . . . . 2,1so 337 25.o ~agel 54.18146.2 l •H I 219 l 25 5 I_ 81 1 1.3 45 \ z3_7,___,_l_2_1._9_,___ .._· ._._·_. 
In column 11 is given the efficien y of the drier calculated for 
tests 2, 17, and 18. The effi ciency was d termined by dividing 
the heat used in evaporating water and rai ing th temperature 
of the baga~s · and moisture by the total heat Sl1pplied to the 
drier in the gases. . The detail s of tl1i calculation are too 
t d' 
. ious to include them h re. The general method, however, 
is as follows: th weigl1t of gase entering the drier is the same 
as that leavino- th e boiler and qual to the combined weights 
of the bagasse fed to the furnace and of the air upplied, the 
latter being d termin ed by use of the flue gas analysis. The 
Weight of . gas s tim es th eir specific heat gives the total heat 
supplied to the dri er , and this divided by the weight of bagasse 
fed · gives the heat suppli d p r pound of baga se fed. 
To al ulate th e heat utilized in th e drier the weight of water 
~vaporat d from the bao-a , (column 9 Table VII ) i multipli ed 
Y the heat r equired to evaporate one pound, giving the total 
fhor evaporating. Add to thi the B. T. . r equired to raise t . 
e temperature of the bagasse up to th e temperature of th e 
gases cnt 1·in o- th dri r, giving the total heat expended upon the 
~et bagasse. This divid d by th weight of bagasse gives tlie 
eat utilized per pound of baga se. Th heat utilized divided 
308178 
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by the heat supp1j ed and multiplied by JOO gives the efficiency in 
per c nt. The average fficiently as shown in column 11 of 
'l'able VII is 30.6 ; that is, 30.6% of the heat delivered to th e 
drier was utilized in u eful work. 'l'he remaining 69.4% is Jo t 
in the gase and steam discharged from the dri r and by radia-
tion. It i evjdent that the former loss is directly proportional 
to th e temperature of th gases as th y leav . 
R DIATIO r FROM DRIER. 
'rhe proportion of the loss due to radiation from the drier 
was rather large on account of the large area exposed and the 
thin sl1eet iron \valls. In order to get sqme idea of the loss 
by radiation, ome observations w re made by which to deter-
mine the radiation coeffi cient-tJ1at is, th e B. T. U. radiated 
per square foot of radiatina sur.face per degr ee di:ff~rence in 
temperature of the gases inside and of the air outsfr1e per hour. 
This was done by means of the long flue, connecting the uptake 
of the boiler with the bottom of the drier. This flu e, which is 
shown in Fia. 5, had a total area of 437 square feet and was 
\ . 
made of 1~" iron. It wa. found i11 all t he t sLs with the 
drier runnig that there '1'.a con iderable drop in the temperature 
of the gase between the uptake of the boil er and the dri er, 
which was mainly due to radiation. Knowing th e weight of 
gases pas ed through; the average drop in temperature between 
the boiler and the drier; the averag difference between the 
temperatur of gas s and outside air and · specific heat of thP 
gase it . was easy to cal ulate the B. T. U. radiat d fr.om the 
surfr.ce of the flue per square foot of flue surface per hour 
per degree differ nc , which coeffi ci nt was found to be in the 
neighborhood of 1.5. Th following cal ulation giv s the pr.obabl 
loss due to radiation fr.om the dr.i r., a suming a radiation CO· 
effi cient of 1.5 : 
Totv.l radiating surface of drier, quar.e feet.......... 397 
Av rage temperature of nte1·ing gas s. . ... . .. ... .... 495° 
Average t mperature of leaving gases . . . . . . . . . . . . . . . . 223.4" 
Average temp rature of room. . ........ ... .......... 73.7° 
Average weiaht of bagasse p r. hour, pounds . . . . . . . . . . 1213 
Average t mperature in ide of dri er .... 4%+223·4 = 3590 2 
3'7 
Average diffeNnce in temperature, 359 - 73.7 = 285° 
Total B. T. U. radiated per hour= l.S X 285X397=169717 
B. T. U. radiated per lb. o.f bagas e=169717+1213= 139.8 
.B. 'l' . U. supplied per pound of baga se.............. 1668 
p 139.8 
er cent of heat upplied, lost due to radiation= lOO lG6s = 8.3 
The :figures on w11ich this calculation is based are averages 
obtain d from tests 2, 17, and 18. 
ECONOMIC VALUE OF DRYI G. 
On page 27 it was .shown that after all prop r allowan' s 
Were made, the average increase of the fu el value of the bagasse 
due to dryinD' was 32.13 . It is an ea y matter to calculate the 
oil equiv::tlent of t}1is increase and from it the money value. 
The average equivalent evaporation from and at 212° per 
pound of wet bagasse was found to be 1.63 pounds. By drying, 
4n additional 32.1 % of this = 0.52 pounds can be evaporated by 
each POlmd of bagasse. The a>'erage mill extritction during the 
tests was 743, so that the weight of bagasse was 26% of the 
Weight of cane ground. For each ton of cane· ground there was 
therefore 520 pounds of wet baga e. The additional water 
evaporated from and at 212° per ton of cane ground due to 
drying would therefore be 520 X 0.52 = 270 pounds. .Assuming 
a factory of 1000 tons per 24 hours capacity a~d a total grindfog 
.of, say, 60,000 tons per season, there will be a total increase 
of 270 X 60,000 = 16,200,000 pound of water evaporated. One 
Pound of average crude oil will evaporate 14 pounds of water 
from and at 212° ; tbe total oil saved per season will therefore 
· be 16,200,000 + 14 = 1,157,143 pounds equals 154,285 gallons at 
7
·
5 Pounds per gallon. 
This gives 154,285--;- 60,000 = 2.57 gallons of oil per ton of 
cane, which is saved due to drying. 
Assuming a barrel of oil to hold 42· gallons, the total oil saved 
would be 3,673 barrels, which, at $1.00 per barrel, would have 
a money value of $3,673. 
AP ACITY OF DRIER. 
. The drier, as stated, was designed with the idea of using it 
""1th a JOO H.P. boil r. By referring to column 8 of Table VII 
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it will be seen that the weight o.f bagasse dried varied 'from a 
minimum o.f 686 pounds to a maximum of 3155 pounds per hour. 
The maximum power developed in any test with the drier run-
ning was 104 H. P. It will be noted from Table VII that the 
moisture reduction was as great in the tests with heavy .feeds as 
it was with light .feeds. As has been stated, the .feed which the 
drier was capable of handling, was limited by th e small size 
of the nozzle at the bottom of the drier where the bagasse made 
its exit. When the bagasse feed exceeded a certain amount, 
.frequent choking took place at that point. In view of this fact 
and that otherwise the drier appeared well within its capacity, 
it is safe to state that it could have done good work with bagasse 
suffici ent to deve1op 125 H. P. and probably 150 H. P . 
OST OF I ST ALJ.JATION. 
The drier used in these experiments, with the fan and other 
accessories, exclusive of the ngine for driving it, cost about 
$1000.00. From figures obtained through r eliable sources, a 
drying plant of this type for a factory of 1000 tons per 24 hours 
capa ity should cost hetw en $5000 and $6000. The operation 
of su h a plant should rcquir not more than one extra man. 
During the tests, all of the baga se leaving the dri er was weighed 
:rnd this required a good deal of handling. This, however , 
would b avoided entirely, in a commercial drying plant, as · 
th e bagas e could b delivered to the fe d hoppers by carriers: 
Th only attendance r quired would therefore be for .starting 
and stopping, or in case of emergency. 
S MMARY. 
For baga e with 52o/c moisture, which is not far from the 
average in Louisiana, 16% of the heat generated is r equired to 
evaporate the moisture in th baga se and raise its temperature 
to that of the stack. 
The heat wa ted in the stack gases varies with the ffi ci ncy 
of the boil r and furnace. Theor tically, the h at thus wasted 
is more than suffi' ient to evaporate all the moisture from the 
baga se by the use of an effi ient dryer. With bagasse having 
52 (1 moisture and a boil r having 60 o/c effi ciency, th effici ncy 
of the drier would have to be only 60 r in order to remov all of 
th e moisture from the bagasse. 
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The cheapest and most efficient means of drying bagasss is to 
, bring the bagasse to be dried in direct contact with the flue gases 
and this can be done without setting the bagasse on fire in the 
drier. Drying may be done by evaporation or by absorption. 
The capacity of air for absorbing moisture increases with the 
temperature. As there is steam in the flue gases, from the mois-
ture in the bagasse, a reduction of their temperature below 212° 
will r esult in condensation which, if sufficient to saturate the fine 
gases, would result in depositing moisture on tbe entering 
bagasse which would have to be evaporated over and over again. 
A. calculation based on bagasse with 51 % moisture and combus-
tion with 100 excess air shows that there would be a total 
moisture in the flue gases of .79 pound for ach pound of 
bagasse :fired and that the flue gases evolved would, at ·a tempera-
ture of 200° F., be capable of holding 8.23 pounds of moisture, 
thus showing ti1at at this temperature there should be no deposit 
of :moisture on the bagasse. Furthermore, the temperature could 
be reduced to about 150° F. before such deposit would take 
place. 
The results were obtained from some forty evaporative 
boiler tests, the advantage due to. drying being measured by the 
Weight of water evaporated per pound of bagasse burned. 
The av rage moisture in the baga e entering the drier was 
54.33, and, leaving- it, 46.4%, whjch mean that 14.5% of the 
moisture in the bagasse was r emoved by the drying process. 
The average equivalent evapQration from and at 212° F. 
Per pound of wet bagasse burned was 1.63 pounds and that 
for the partially dried bagasse, 2.53 pounds. Tliis shows that 
one pound of the partially dried bagasse had a heat value of 
55.2 greater than that of one pound of wet bagasse. 
The actual increase in· heat value ' due to drying was found 
to be greater than that calculated. The actual increa e was 
55.23, while the calculated increase is only 283. 
The av rage boiler efficiency for the tests with the drier in 
~se was 63.5 % and that with undri ed baga e, 50.7%. The 
in r ased efficiency with partially d.ried bagas e i probably due 
to less smoldering during ombu tion and to higher furnace 
temperatures. 
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Based on an equivalent evaporation of 14 pounds of water 
from and at 212° per pound of oil, the saving' due to drying 
was calculated to be 2.57 gallons of oil per ton of cane.. For a 
grinding of 60,000 tons this would give a total saving of 3,673 
barrels of oil. 
The drier was designed to operated with a 100 H. P . boiler. 
The tests sl10wed that, with an enlargement of the nozzle at the 
bottom of the drier ,. 125 H . P., or possibly 150 H. P., could 
be used. 
The average temperature of gases entering the drier was 
474.° F., and that leaving th drier, 219 °. 
The weight of bagasse handled per 11our varied from 686 
pounds to 3150 pounds. 
The per cent r eduction in moisture seemed to be as great 
with heavy feeds as with light feeds. 
The dri er being made of iron and uninsulated was not 
efficient, thermally. It was not possible to determine the heat 
efficiency of the drier for an the tests on account o.f insufficient 
data. 'l'he average efficiency for three t ests, however, was found 
to be 30.6 'fc . 
The loss of heat from the drier due to radiation was 8.3 %. 
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